Pea root microsomal vesicles have been fractionated on a Dextran step gradient to give three fractions, each of which carries out ATP-dependent proton accumulation as measured by fluorescence quenching of quinacrine. The fraction at the 4/6% Dextran interface is enriched in plasma membrane, as determined by UDPG sterol glucosyltransferase and vanadate-inhibited ATPase. The vanadate-sensitive phosphohydrolase is not specific for ATP, has a K, of about 0.23 millimolar for MgATP, is only slightly affected by K' or Cl-and is insensitive to auxin. Proton transport, on the other hand, is more specific for ATP, enhanced by anions (NO3-> Cl-) and has a K. of about 0.7 millimolar. Auxins decrease the K., to about 0.35 millimolar, with no significant effect on the V,,,., while antiauxins or weak acids have no such effect. It appears that auxin has the ability to alter the efficiency of the ATP-driven proton transport.
on wet filter paper. After 3 d, the apical (2 cm) tips of the roots were harvested.
Isolation of Sealed Microsomal Vesicles. All procedures were carried out at 4°C. The roots were first chopped with a razor blade and then homogenized using a mortar and pestle in 1 ml/ g fresh weight of buffer 1 (6% [w/w] sorbitol, 3 mm EDTA, 0.1 % BSA, 25 mM Tris, 20 mM mercaptoethanol, pH 7.0, with Mes). The homogenate was strained through four layers ofcheesecloth, the residue was rehomogenized in 1 ml/g fresh weight of buffer I and refiltered. The total filtrate was centrifuged at 6,000g for 20 min. The supematant was then centrifuged at 1 l0,OOOg for 30 min (Rotor type 30, Beckman L5-50 centrifuge) to obtain the microsomal pellet. The pellet was resuspended in 5 ml of buffer I and layered over a discontinuous Dextran T70 gradient consisting of 7 ml of 10%, 7 ml of 6%, and 7 ml of 4% Dextran T70 (w/w) in buffer I. This was centrifuged at 70,000g for 2 h (Rotor SW 27). The membrane bands at the interfaces were removed with a Pasteur pipette (fraction A, 0/4% interface; B, 4/6%; C, 6/10%) and diluted with buffer 11 (4.5% sorbitol, 25 mm Tris, pH 7.0, with Mes). After centrifugation at 1 l0,OOOg for 30 min, each pellet was resuspended in buffer II (except where indicated) and was used immediately for enzyme and proton translocation experiments.
Enzyme Assays. ATPase activity was assayed in 0.5 ml containing 25 mM Tris-Mes pH 7.0, 10 mm MgSO4, 0.1 mM ammonium molybdate, 1 mM NaN3, 0.067 to 2.5 mm NaATP, and salts as indicated. The presence of sodium ions in NaATP did not affect the results, as Tris-ATP gave identical results. Reactions were initiated by addition of membrane protein jig). After 10 to 30 min at 30°C, the reaction was stopped with 1 ml ice-cold 0.5% ammonium molybdate + 0.1% SDS in 0.72 N H2SO4. The reaction curve was linear over this time period (data not shown). Determination of Pi was made as described previously (26) . NADH and NADPH Cyt c reductase activities were determined spectrophotometrically in the presence of 1.5 mm NaCN (10) . Latent IDPase was determined as previously described (18) . UDPG sterol glucosyltransferase activity was assayed by the method of Hartmann-Bouillon and Benveniste (9) . Protein concentration was determined according to the method of Lowry et al. ( 13 (Table I) indicalected from the 0/4 (fraction A), 4/6 (fraction B), and ting that each fraction was contaminated by a small amount of )extran interfaces (fraction C), and then tested (Fig. 1) (25) .
The vanadate-sensitive phosphohydrolase activity was not very specific for ATP (Table III) . Other nucleotides (UTP>GTP>CTP>UDP>ADP) were also used as substrates. Some pyrophosphatase activity was detected in each fraction, using Na4P207 as the substrate.
The Figure 3 . Addition of MgATP initiated quenching, which occurred at a constant rate for 2 to 3 min, then plateaued after 5 to 10 min. The initial rate ofquenching has been used as measure of the rate of ATP-dependent proton transport (1) . All three fractions showed some ATP-dependent proton transport, with the activity being considerably higher in fractions B and C (Fig.  4) .
Proton transport, like ATPase activity required the presence ofdivalent cations (data not shown). Anions such as Cl-or N03 greatly stimulated proton transport, with NO3-being more effective than Cl- (Figs. 3 and 4) . This suggests that the anions were dissipating a membrane potential generated by an electrogenic transport of protons. Unlike the ATPase activity, the proton transport was fairly specific for ATP, as UTP, GTP, and ADP supported only low levels of vesicle acidification (Table IV) . ATP-driven fluorescence quenching was almost completely eliminated by 100 mM vanadate, in the presence of either Cl-or Figure 5 , except that 10 imM IAA was added to one set of samples at the start (0), whereas the other set had no IAA (0). NO3-. This suggests that the proton transport was restricted to plasma membrane vesicles.
When the concentration dependence on ATP was determined, the Km for ATP-dependent proton transport was found to be 0.7 to 0.85 mm, a value considerably higher than that for ATPase activity. An example is shown in Figure 5, Figure 5 , except that vesicles from fractions A, B, and C were compared. In this case fraction C gave the greatest proton transport activity, but in most experiments fractions B and C were nearly equivalent. 0.75 to 0.35 mM ATP (Fig. 6 ). This effect is specific for auxins, as shown in Figure 7 . While the active auxins IAA and 2,4-D (data not shown) were effective, the antiauxin PCIB, the weak acid benzoic acid, and the phytotoxin fusicoccin were all without effect (the slight promotion by fusicoccin at 1 mM ATP was not normally seen). The auxin effect was found in both fractions B and C, which have significant amounts of plasma membrane, but not in fraction A, which was deficient in plasma membranes (Fig. 8) . Vanadate eliminated the auxin-induced fluorescence quenching at low ATP concentrations, providing further evidence that the auxin-mediated proton transport occurred in plasma membrane vesicles (Fig. 9) . Note that the vanadateinsensitive proton transport appeared to have a much lower Km for ATP, as it does in red beet plasma membrane vesicles (20) .
DISCUSSION
Evidence is presented here that auxin can influence the ATPdependent proton transport by decreasing its Km for ATP without Figure 5 , except that in some samples 100 jtM vanadate was added just prior to the addition of NaATP.
affecting the rate of ATP hydrolysis. There have been occasional reports (e.g. 12, 23) of stimulation of isolated ATPases (presumedly via an increase in Vmax). Scherer (24) recently reported that auxin decreases the Km for an ATPase from zucchini hypocotyls from 0.12 to 0.07 mm, but we cannot confirm that for pea roots. While he suggested that the ATPase originated from the plasma membrane, the low Km (in the range of most tonoplast ATPases [25, 29] ) and the lack of any inhibitory data suggest to us that a tonoplast origin is equally probable.
In considering the significance of the effect of auxin on proton transport, several questions must be addressed. First, what is the origin ofthe vesicles that are involved? The Dextran step gradient provides a convenient way to achieve a partial fractionation of the membranes, but certainly does not result in a homogeneous fraction. The concentration of plasma membrane vesicles in fractions B and C is indicated by the enrichment in vanadateinhibited ATPase and UDPG sterol glycosyl transferase, but significant contamination by Golgi and ER vesicles is indicated as well. The low level of N03-inhibited ATPase in any of these fractions is puzzling, as this enzyme is so widespread in plant tonoplasts (25, 29) that is has become a standard marker for the tonoplast. We do find low level of this enzyme in the original microsomal pellet and in each of the fractions, suggesting that it may simply not be present in large amounts in pea root tonoplasts.
How does the auxin exert its effect on ATP-dependent proton transport? Several possibilities can be ruled out. Auxin is not simply increasing the percentage of inside-out vesicle, as that would increase Vma. Likewise, auxin cannot be increasing the permeability of the vesicles to protons or anions, as that would also lead to a maximum effect at high ATP concentrations. One possibility is that auxin alters the catalytic activity of the ATPase and proton transport. While the plasma membrane ATPase consists of a single catalytic peptide (22) , it may well require other peptides for efficient proton transport, in a manner analogous to the F1F0-ATPase (14) . The protein that binds auxin is not the catalytic subunit (6) , but might be a proton channel peptide (3) or a regulating peptide.
The apparent lack of effect of auxin on ATPase activity might, at first, seem contrary to this idea. However, auxin may be altering the activity of only the ATPases which exist in tightly sealed vesicles, so as to decrease the Km in a parallel manner for both ATPase activity and proton transport. If the ATPase in sealed vesicles constitute only a small fraction ofthe total ATPase activity, measurements of total ATPase will not detect the higher Km of this fraction or the effect of auxin on it. This possibility is supported by the fact that protonophores such as gramicidin have no apparent effect on ATPase activity in these vesicles. To test this possibility it will be necessary to fractionate the sealed vesicles away from the ATPase activity of unsealed vesicles. Another possibility is that auxin is altering the lipid composition of the membranes. Rapid effects of auxin on membrane phospholipids, especially the phosphoinositols, have been reported (7, 16) . The coupling ratio between Ca2e translocation and ATPase activity in the sarcoplasmic reticulum is affected by the lipid composition ofmembranes (19) . The Ca2'-ATPase in erythrocyte plasma membranes is directly regulated by the inositol phospholipids in the membrane (4) .
What is the significance of this auxin-induced decrease in Km for ATP-dependent proton transport? It may not be directly related to the mechanism by which auxin promotes proton effiux from plant cells. Auxin is not known to enhance proton effiux from pea root cells, although it may do so in the steler region (17) . Furthermore, a decrease in Km would lead to an increase in proton effiux only if the ATP concentration of the cell were suboptimal. Although the ATP concentration of pea root cells has not been determined, the levels in other tissues is thought to be 1 to 2 mM (2), a concentration that would seem to be too high to permit auxin to influence proton transport by this mechanism. However, the Km ofATPases is sensitive to environmental factors such as the ionic composition (30) , and the apparent Km of isolated membrane vesicles in a completely synthetic situation may be significantly lower than that of the in vivo enzyme. In any case, the importance of this auxin response may be that it provides an in vitro system which responds to auxin, and which is susceptible to biochemical analysis.
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